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SPECIFICATION 




TRANSPARENT SYNTHETIC RESIN LAMINATE WITH PHOTOCHROMISM 
PROPERTY 

IELD OF ART 

{2)^^>* \The present invention relates to a transparent 
synthetic resin laminate with photochromism property and 
specifically, fto a transparent synthetic resin laminate 
with photochromiata property for use of an optical lens 
which is excellent \n both control of thickness of a 
photochromic coated fxylm and surface smoothness thereof 
and exhibits a high color development speed and a high 
color disappearance speed. 

BACKGROUN!) OF THE INVENTION 

/ / A? conventional optical lenses, particularly, 
photochrbmic\lenses , inorganic lenses have generally 
spread. That iss, it was usual to add an inorganic 
coating layer wiYh photochromism property to a surface 
of a glass or a cunring plastic such as CR-39. Recently, 
as a lens itself, pl\stic lenses with high impact 
resistance have spread\ Part icular ly , in United States 
of America, polycarbonate^ lenses have widely spread and 
demand for a sun glass witnv impact resistance has 



-1- 



\ 



suddenly increased because of extensive outdoor 
activities . 

As synthetic resin laminates with 
photochromism property, hitherto, a laminate obtained by 
adding a photochromic organic compound to a silicone 
surface curing coating agent and then coating it on one 
side of a substrate and then performing cure and a 
laminate obtained by adding a photochromic organic 
compound to an urethane coating agent and then coating 
it on one side of a synthetic resin laminate and then 
performing cure have been known (Japanese Patent Kokai 

nft 

p (Laid-open) No . 6 3 - 1 7 8 1 93 ) . 

i& However, in the process for coating a coating 

>;;(? 

agent containing a photochromic organic compound on one 
side of a synthetic resin substrate, it was difficult to 
! ;~ obtain a smooth coated film surface and to control a 

thickness of a coated film. Thus, when a coated film 
surface is not smooth, it is not practically preferable 
since use of the laminate as a photochromic lens causes 
distortion through the lens. 

CaOQI X ur1;her/ Ja P anese Patent Kokai (Laid-open) 
No . 6 1 - 1 4&048\discloses a photochromic laminate 
interposed a photochromic layer containing a spironaphth 
oxazine derivative between transparent material layers. 
Although the prioAart discloses an example in which one 
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lVquid type polyurethane resin is contained in a 
photochromic layer, both a color development speed and a 
color \disappearance speed are low, and thus 
\insuf f icaent 

(^A^*-** \ Moreover, also in photochromic lenses, various 
process su^h as direct kneading into a resin and coating 
on a resin surface were tried. However, they are not yet 
put into practice because of development shortage in 
performances due t<\insuf f icient heat resistance of 
photochromic elements Nduring kneading and, also in 
surface coating, contras\shortage from limitation of 
ated film thickness. 

Thus, in a present situation, there is 
obtained no transparent synthetic resin laminate with 
photochromism property as a photochromic lens in which 
both a color development speed and a color disappearance 
speed are high and surface smoothness of a coated film 
and control of coated f i lmS^hickness in a photochromic 
layer are excellent. 




DISCLOSURE OF THE INVENTION 
^^^(^^>^he present invention solves the above- 
-mentioned priW art problems. An object of the present 
invention is toVovide a transparent synthetic resin 
laminate with photochromism property in which both a 
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lor development speed and a color disappearance speed 
are rxlgh and contrast in color development is maintained 
for a lon^vtime and surface smoothness of a coated film 
and control ofH£ickness of a coated film in a 
photochromic layer a^e excellent. 

nder such situation, as a result of studies 
of ^he abovd^mentioned prior art problems, the inventors 
have found theNt there is obtained a transparent 
synthetic resin \Laminate in which both a color 
development speed\nd a color disappearance speed are 
high and contrast irfycolor development is maintained for 
a long time and surface smoothness of a coated film and 
control of thickness of \a coated film in a photochromic 
layer are excellent by interposing a photochromic layer 
formed by curing a mixture \f a two-liquid type 
polyurethane of a polyurethanfe prepolymer and a curing 
agent, a photochromic organic compound, a light 
stabilizer and an antioxidant between two transparent 
synthetic resin layers, and have accomplished the 
present invention . 

That is, the present invention provides a 
transparent synthetic resin laminate with photochromism 
property consisting essentially of two transparent 
synthetic resin layers and a photochromic layer formed 
by curing a mixture of a two liquid polyurethane of a 
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polyurethane prepolymer and a curing agent and a 
photochromic organic compound and further a light 
stabilizer and an antioxidant which is interposed 
between said two transparent synthetic resin layers. 

Further, the present invention provides a 
process for producing a transparent synthetic resin 
laminate with photochromism property which comprises: 

coating a mixture of a two-liquid polyurethane 
of a polyurethane prepolymer and a curing agent, a 
photochromic organic compound and a solvent and further 
a light stabilizer and an antioxidant on one side of a 
transparent synthetic resin sheet, 

then, removing the solvent from the mixture to 
a state not to contain substantially the solvent, 

then, adhering another transparent synthetic 
resin sheet to the coated side of said synthetic resin 
sheet, and 

then, curing the two-liquid polyurethane, 
thereby, forming a photochromic layer. 
The present invention will be described in 
detail below. 

^ e trans P arent synthetic resin to be used in 
the preseVit Vnvention is not limited as long as it is a 
resin with hi^h transparency. It is preferable to use a 
polycarbonate r^sin and a polymethylmethacrylate resin. 
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Xs the combination of two transparent synthetic resins, 
a Polycarbonate resin, a polymethylmethacrylate or both 
thereof is applied to each two transparent synthetic 
resinV A transparent synthetic resin with a thickness 
of 50 td\ 2000 \xm is used. Particularly, when bending 
processing\into a lens form is performed, it is 
preferable A use a synthetic resin sheet with a 
thickness of 1(10 to 1000 pm. 

In the present invention, there is provided a 
photochromic layer formed by cure of a two-liquid 
polyurethane of a polyurethane prepolymer and a curing 
agent containing a photochromic organic compound, a 
light stabilizer and an antioxidant which is interposed 
between two transparent synthetic resin layers. Thereby, 
it becomes possible to produce industrially a 
transparent synthetic resin laminate excellent in both 
heat resinstance and impact resistance which exhibits a 
high color development speed and a high color 
disappearance speed in use as a lens and possesses 
photochromic performance excellent in surface smoothness 
of a coated film in a photochromic layer equivalent to 
conventional inorganic type and maintains a photochromic 
characteristics such as contrast in color development 
for a long time. 

Generally, polyurethane includes one-liquid 
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type and two-liquid type. In the present invention, it 
is preferable to use a two-liquid polyurethane of a 
polyurethane prepolymer and a curing agent from the 
aspects of color development speed and color 
disappearance speed and solubility of photochromic 
compound and various additives. Actually, a prepolymer 
is dissolved in a specific solvent and mixed with 
various additives including a photochromic compound and 
then a curing agent is added thereto. 

As the polyurethane prepolymer, a compound 
obtained by reaction of isocyanate and polyol in a 
specific proportion is used. That is, the polyurethane 
prepolymer is a compound with an isocyanate group on 
both ends obtained from diisocyanate and polyol. As the 
diisocyanate compound to be used for the polyurethane 
prepolymer , dipheny lmethane-4 , 4 1 -diisocyanate (MDI) is 
preferable. Further, as the polyol, it is preferable to 
use polypropylene glycol (PPG) with a polymerization 
degree of 5 to 30. 

The molecular of the polyurethane prepolymer 
is a number average molecular weight of 500 to 5000 and 
preferably 1500 to 4000 and more preferably 2000 to 
3000. 

On the other hand, the curing agent is not 
limited as long as it is a compound with two hydroxyl 



groups. Examples of the curing agent include 
polyurethane polyol, polyether polyol, polyester polyol, 
acryl polyol, polybutadiene polyol and polycarbonate 
polyol, among which polyurethane polyol with a hydroxyl 
group on its end obtained from specific isocyanate and 
specific polyol is preferable. Particularly, 
polyurethane polyol with a hydroxy group on at least 
both ends derived from diisocyante and polyol is 
preferable and it is preferable to use 

tolylenediisocyanate (TDI) as the diisocyanate . Further, 
as the polyol, it is preferable to use PPG with a 
polymerization degree of 5 to 30. 

The molecular weight of the curing agent is a 
number average molecular weight of 500 to 5000 and 
preferably 1500 to 4000 and more preferably 2000 to 
3000. 

In order to adjust the viscosity of the 
polyurethane prepolymer and the curing agent, a solvent 
such as ethyl acetate and tetrahydrof urane may be used. 

In the present invention, the organic compound 
with photochromic property is not limited as long as it 
has good compatibility with the polyurethane prepolymer. 
Photochromic organic compound obtainable on the market 
can be used. As the photochromic organic compound, 
spiropyran compounds, spiroxazine compounds and 



naphthopyran compounds are preferably used from the 
aspect of photochromic performance* 

Examples of the spiropyran compound include 
1 ' , 3 ' , 3 ' -trimethylspiro (2H- 1 -benzopyran-2 , 2 ' -indoline) , 
1 ' ,3' , 3'- tr imethy lspiro-8-nitro(2H-1-benzopyran- 2,2'- 
indoline) , 1 ' ,3' , 3 ' -tr imethy 1-6 -hydroxy spiro (2H- 1 - 
benzopyran-2 ,2' -indoline) , 1 ' ,3' , 3 1 -trimethylspiro- 8- 
methoxy (2H- 1 -benzopyran-2 , 2 ' -indoline) , 5 ' -chloro- 
1 • , 3 * , 3 1 -trimethyl-6-nitrospiro (2H- 1 -benzopyran-2 , 2 ' - 
indoline) , 6 , 8-dibromo- 1 1 ,3* , 3 ' -trimethylspiro (2H- 1 - 
benzopyran-2 , 2 ' -indoline) , 8-ethoxy-1 ',3' ,3' ,4' ,7'- 
pentamethylspiro (2H- 1 -benzopyran-2 , 2 * -indoline) , 5 ' - 
chloro-1 * ,3 * ,3 ' -trimethylspiro- 6 , 8-dinitro (2H-1- 
benzopyran-2 , 2 1 -indoline) , 3,3,1 -diphenyl-3H- 
naphtho (2, 1-b) pyran, 1 , 3 , 3-triphenylspiro [indoline- 
2 , 3 ' - (3H) -naphtho (2 , 1 -b) pyran] , 1-(2,3,4,5,6- 
pentamethylbenzyl) -3 , 3 -dimethyl spiro [indoline- 2 , 3 ' - (3H) - 
naphtho (2 , 1-b) pyran] , 1- (2-methoxy-5-nitrobenzyl) -3,3- 
dimethyl spiro [indoline- 2 , 3 ' -naphtho (2 , 1 -b) pyran] , 1 - (2- 
nitrobenzyl) -3 , 3 -dimethyl spiro [indoline- 2 , 3 ' -naphtho 
(2, 1-b) pyran] , 1- ( 2 -naphthy Imethy 1) -3 , 3 -dimethyl spiro 
[indoline-2 , 3 ' -naphtho (2 , 1 -b) pyran] and 1,3,3- 
tr imethy 1-6 ' -nitro- spiro [2H- 1 -benzopyran-2 , 2 ' - [2H] - 
indole] . 

Examples of the spiroxazine compound include 
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1 , 3 , 3-trimethylspiro [indolino-2 , 3 1 - [3H] naphtho [2 , 1-b] 
[1,4] oxazine] , 5»methoxy- 1 , 3 , 3-trimethylspiro 
[indolino-2 , 3 ' - [3H] naphtho [2, 1-b] [1,4] oxazine], 5- 
chloro- 1,3, 3-trimethylspiro [indolino-2 , 3 ' - [3H] naphtho 
[2, 1-b] [1,4] oxazine], 4 , 7-diethoxy- 1 , 3 , 3- 
trimethylspiro [indol ino-2 , 3 1 - [3H] naphtho [2, 1-b] [1,4] 
oxazine] , 5-chloro- 1 -butyl-3 , 3-dimethy lspiro [indolino- 
2,3'-[3H] naphtho [2, 1-b] [1,4] oxazine], 1,3,3,5- 
tetramethyl-9 ' -ethoxyspiro [indolino-2 , 3 1 - [3H] naphtho 
[2, 1-b] [1,4] oxazine] , 1 -benzy 1-3 , 3-dimethylspiro 
[indoline-2, 3'- [3H] naphtho [2, 1-b] [1,4] oxazine], 1- 
(4-methoxybenzyl) -3 , 3-dimethylspiro [indoline-2 , 3 1 - [3H] 
naphtho [2, 1-b] [1 ,4] oxazine] , 1- (2-methylbenzyl) -3,3- 
dimethylspiro [indoline-2 , 3 1 - [3H] naphtho [2, 1-b] [1,4] 
oxazine] , 1- (3 , 5-dimethy lbenzyl) -3 , 3-dimethy lspiro 
[indoline-2, 3 '- [3H] naphtho [2, 1-b] [1,4] oxazine], 1- 
(4-chlorobenzyl) -3 , 3-dimethylspiro [indoline-2 , 3 ' - [3H] 
naphtho [2, 1-b] [1,4] oxazine], 1 - (4-bromobenzyl) -3 , 3- 
dimethylspiro [indoline-2 , 3 1 - [3H] naphtho [2, 1-b] [1,4] 
oxazine] , 1- (2-f luorobenzyl) -3 , 3-dimethylspiro 
[indoline-2, 3 ' - [3H] naphtho [2, 1-b] [1,4] oxazine] , 
1,3,5, 6-tetramethyl-3-ethylspiro [indoline-2 , 3 1 - [3H] 
pyrido [3, 2-f] [ 1 , 4] -benzoxazine] , 1,3,3,5,6- 
pentamethy lspiro [indoline-2 , 3 1 - [3H] pyrido [3 , 2-f ] 
[1,4] -benzoxazine] , 6'- (2 , 3-dihydro- 1H- indole- 1 -yl) -1,3- 



dihydro-3 , 3-dimethyl- 1 -propyl -spiro [2H- indole- 2 , 3 ' - [3H] 
naphtho [2,1-b] [1,4] oxazine] , 6 ' - (2 , 3-dihydro- 1H- 
indole-1-yl) -1 , 3-dihydro-3 , 3-dimethyl- 1 - (2-methylpropyl 
)-spiro [2H-indole-2 , 3 ' - [3H] - naphtho [2,1-b] [1,4] 
oxazine] , 1 , 3 , 3-tr imethyl- 1 -6 ' - (2 , 3-dihydro- 1H-indole- 1 - 
yl)-spiro [2H-indole-2 , 3 ' - [3H] - naphtho [2,1-b] [1,4] 
oxazine], 1 , 3 , 3-trimethyl-6 * - ( 1 -piperidinyl) -spiro [2H- 
indole-2,3 '- [3H] -naphtho [2,1-b] [1,4] oxazine], 1,3,3- 
tr imethyl -6 ' - ( 1 -piperidinyl) -spiro [2H- indole- 2 , 3 ' - [3H] - 
naphtho [2 , 1-b] [1,4] oxazine], 1 , 3 , 3-tr imethy 1-6 ' - ( 1 - 
piperidinyl) -6- (tri f luoromethy 1 ) -spiro [2H- indole- 2 , 3 ' - 
[3H]-naphtho [2,1-b] [1,4] oxazine] and 1,3,3,5,6- 
pentamethyl-spiro [2H-indole-2 , 3 '- [3H] -naphtho [2,1-b] 

[1,4] oxazine] . 

Examples of the naphthopyran compound include 
3 , 3-diphenyl-3H-naphtho [2,1-b] pyran, 2 , 2-diphenyl-2H- 
naphtho [1,2-b] pyran, 3- (2-f luorophenyl) -3- (4- 
methoxyphenyl) -3H-naphtho [2,1-b] pyran, 3- (2-methyl-4- 
methoxyphenyl) -3 - (4-ethoxyphenyl) -3H-naphtho [2,1 -b] 
pyran, 3- (2-f uril) -3- (2-f luorophenyl) -3H-naphtho [2,1-b] 
pyran, 3- (2-thienyl) -3- (2-f luoro-4-methoxyphenyl) -3H- 
naphtho [2,1-b] pyran, 3- {2- ( 1 -methylpyrrolidinyl ) } -3- 
(2-methyl-4-methoxyphenyl) -3H-naphtho [2,1-b] pyran, 
spiro Cbicyclo [3.3.1] nonane-9 , 3 ' -3H-naphtho [2,1-b] 
pyran], spiro Cbicyclo [3.3.1] nonane-9-2 ' -3H-naphtho 



[2, 1-b] pyran) , 4- [4- [6- (4-morpholinyl) -3-pheny 1-3H- 
naphtho [2, 1-b] pyran-3-yl] phenyl] -morphol ine , 4- [3- (4- 
methoxyphenyl) -3-pheny l-3H-napht ho [2 , 1-b] pyran-6-yl] - 
morphol ine , 4- [3 , 3 -bis (4-methoxyphenyl) -3H-naphtho [2,1- 
b] pyran-6-yl] -morphol ine , 4- [3-phenyl-3- [4- ( 1 - 
piper idinyl) phenyl] -3H-naphtho [2 , 1-b] pyran-6-yl] - 
morpholine and 2 , 2-diphenyl-2H-naphtho [2, 1-b] pyran- 

In order to ensure the life of the synthetic 
resin laminate of the present invention, it is necessary 
to add various stabilizers. As the stabilizer, light 
stabilizers such as hindered amine and antioxidants such 
as hindered phenol are added. 

Examples of hindered amine include 
bis (2 , 2 , 6 , 6-tetramethyl-4-piper idinyl) sebacate, 
!-= bis (1 , 2 , 2 , 6 , 6-pentamethyl-4-piperidinyl) sebacate, 

Q bis (1 , 2 , 2 , 6 , 6-pentamethyl-4-piperidinyl) - [ [ 3,5-bis (1 , 1- 

,5 !tt 

^ dimethylethyl) ]- [4-hydroxyphenyl] methyl] butyl malonate, 

1- (methyl) -8- (1 , 2 , 2 , 6 , 6-pentamethyl-4-piperidinyl) - 
sebacate, 1- [2-C3- (3 , 5-di-t-butyl-4-hydroxyphenyl) 
propionyloxy) ethyl] -4- [3- (3 , 5-di-t-butyl-4-hydroxyphenyl 
) propionyloxy] -2 , 2 , 6 , 6-tetramethylpiper idine , 4- 
benzoyloxy-2 , 2 , 6 , 6-tetramethylpiper idine , triethylene- 
diamine and 8-acety l-3-dodecyl-7 , 7 , 9 , 9-tetramethy 1- 
1 , 3, 8-triazaspiro [4, 5] decane-2, 4-dione. As other nickel 
ultraviolet ray stabilizer, [2 , 2 ' -thiobis (4-t- 
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octyl phenol ate) ] -n- butyl amine nickel, nickel complex- 
3 , 5- di-t-buty 1-4-hydroxybenzyl* phsophoric acid 
monoethylate and nickel* dibutyl carbamate also can be 
used. Particularly, as hindered amine light stabilizer, 
bis ( 1 , 2 , 2 , 6 , 6-pentamethyl-4-piperidinyl) -sebacate or a 
condensation product of 1 , 2 , 2 , 6 , 6-pentamethy 1-4- 
piperidinol, tridodecyl alcohol and 1 , 2 , 3 , 4-butanetetra 
caboxylic acid as tertiary hindered amine compound is 

preferable . 

Examples of the antioxidant include 1,1,3- 
tris (2-methyl-4-hydroxy-5-t-butylphenyl) butane , 2,2'- 
methylenebis (4-ethyl-6-t-butylphenol) , tetrakis- 
[methylene-3- (3 ' , 5 ' -di-t-buty 1 -4 ' -hydroxypheny 1) 
propionate] methane , 2 , 6-di-t-butyl-p-cresol , 4,4'- 
butylidenebis (3-methyl-6-t-butylphenol) , 1,3, 5-tris (3 1 , 
5 ' -di-t-buty 1-4 ' -hydroxybenzyl) -S-tr iazine-2 , 4 , 6- ( 1H, 
3H, 5H) trione, stearyl-/3 - (3 , 5-di-t-buty 1-4- 
hydorxyphenyl) propionate , 1,3, 5-tris (4-t-butyl-3- 
hydroxy-2 , 6-dimethy Ibenzy 1) isocyanuric acid, 4,4 ! - 
thiobis (3-methyl-6-t-butylphenol) and 1,3, 5-trimethyl- 
2,4, 6-tris (3 , 5-di-t-buty 1-4-hydroxybenzy 1) benzene . 

Particularly, as phenol antioxidant, 1,1,3- 
tris (2-methyl-4-hydorxy-5-t-butylphenyl) butane , 
tetrakis- [methylene-3- (3' , 5 1 -di-t-buty 1-4 ' - 
hydroxyphenyl) propionate] methane and 1 , 3 , 5-tris (3 , 5- 



di-t-butyl-4-hyroxybenzyl) -1,3, 5-triazine-2 , 4 , 6 - ( 1H, 3H, 
5H) -trione which contain 3 or above of hindered phenol 
are preferable. 

The transparent synthetic resin laminate with 
photochromic property of the present invention is 
produced according to below process. A photochromic 
organic compound is added in the proportion of 0.2 to 5 
% to resin solid matter to a solution of a polyurethane 
prepolymer diluted with specific organic solvent and an 
additive (s) of hindered amine light stabilizer and/or 
antioxidant is (are) further added thereto in the 
proportion of 0.1 to 5 % to resin solid matter and 
uniformly mixed with stirring. Then, a curing agent is 
further added thereto in a I/H ratio of isocyanate group 
(I) to hydroxyl group (H) of the curing agent of 0.9 to 
20 and preferably 1 to 10 as a standard and stirring is 
further performed to form a solution. It is suitable 
that the polymer concentration in the solution thus 
obtained is usually 40 to 90 % by weight. The solution 
is coated with a doctor blade of coating thickness 100 
to 1000 |im on one side of a transparent synthetic resin 
sheet. After the completion of coating, heat drying is 
performed to the state substantially not containing the 
solvent on the coated surface and another transparent 
synthetic resin sheet is adhered to the coated surface 
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of said synthetic resin sheet in a sandwich form. The 
above-mentioned heat drying is usually performed at 20 
to 50 °C for 5 to 60 minutes. A laminate sheet thus 
obtained is heated to cure the polyurethane prepolymer 
containing the curing agent, whereby a transparent 
synthetic resin laminate is obtained. The curing 
conditions of the polyurethane prepolymer are usually 60 
to 140 °C and 2 hours to 1 week. 

Examples of the solvent include hydrocarbons 
such as hexane, heptane, octane, cyclohexane, toluene, 
xylene and ethyl benzene, esters such as ethyl acetate, 
methyl acetate, isopropyl acetate, n-propyl acetate, 
isobutyl acetate, n-butyl acetate, isoamyl acetate, 
methyl propionate and isobutyl propionate, ketones such 
as acetone, methylethyl ketone, diethyl ketone, 
methylisobutyl ketone, acetyl acetone and cyclohexyl 
ketone, ether esters such as cellosolve aetate, 
diethylglycol diaetate, ethy leneglycol mono n-butylether 
acetate, propylene glycol and monomethy lether acetate, 
tertiary alcohols such as diacetone alcohol and t-amyl 
alcohol and tetrahydof uran . Particularly, ethyl aetate, 
tetrahydrof uran and toluene are preferable. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be described in 



more detail below, referring to Examples, which are not 
intended to limit the scope of the present invention. 



Examples 1 to 4 

2 % of Photochromic compound 1 or 2 to resin 
solid matter and 1 to 2 % of Additive 1 to resin solid 
matter were dissolved in a solution of 15 g of a 
polyurethane precursor having a NCO group equivalent 
weight (equivalent weight : average molecular weight per 
one functional group) of 1500 obtained by reaction of 
'ji diphenylmethane-4 , 4 ' -diisocyanate and polypropylene 

=2 glycol having an average polymerization degree of 15 

\'i diluted with 8.3 g of tetr ahydrof uran and stirred until 

i.'ji 

)=. uniformity was ensured and then 3 g of a curing agent 

having a hydroxyl group equivalent weight of 1050 

Ul 

'3 obtained by reaction of tolylene diisocyanate and 

: : 

|:: * polypropylene glycol having an average polymerization 

degree of 10 was added thereto and further stirred. 

The solution thus obtained was coated with a 
doctor blade of coating thickness 400 [im, manufactured 
by Yoshimitsu Seiki K.K., in Japan on a polycarbonate 
film of thickness 700 [xm (trade name : IUPILON, 
manufactured by Mitsubishi Gas Chemical Co., Inc.). 
After the completion of coating, the solvent was 
vaporized at 45 °C for 10 minutes in a hot air dryer and 
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the polycarbonate film was adhered to make a sheet form 
and then heat curing was performed at 70 °C for 2 days. 
The measurement of the transmittance in maximum 
absorption wave length and the evaluation of the light 
resistance for the synthetic resin laminate thus 
obtained were performed and the thickness of the 
photochromic layer was measured and its appearance was 
observed. The proportion of each component for the 
formation of the laminates was shown in Table 1. The 
evaluation results of the laminated were shown in Table 
2. 

Photochromic compound 1 : 

1,3-dihydro-1 ,3,3,5,6 (1,3,3,4,5) pentamethyl- 
spiro [2H-indole-2,3- [3H] -naphtho [2,b] [1,4] oxazine] 

Photochromic compound 2 : 

3 , 3-diphenyl-3H-naphtho [2 , 1-b] pyran 

Additive 1 : 

bis (2 , 2 , 6 , 6-tetramethyl-4-piperidinyl) sebacate 

Each performance was evaluated according to 
the following methods. 



[Measurement of transmittance] 

A single wave length light of 360 nm was 
irradiated with an ultr amonochr.omat ic light source and 
transmittance after 5 minutes from the starting of the 
irradiation and transmittance in non-irradiation were 
measured. A spectrophotometer, manufactured by Nihon 
Bunko k.k., in Japan was used in the measurement of 
transmittance and the transmittance in maximum 
absorption wave length was measured. 

[Evaluation of light resistance] 

Contrast prior to exposure and contrast after 
exposure for 60 hours to a sunshine weather meter under 
below conditions were measured. In order to compare with 
contrast prior to exposure, contrast retention 
percentage was calculated to evaluate its life. 

(1) Setting conditions of sunshine weather meter 

• Irradiance : 255 w/m 2 (300 to 700 nm) 

• Temperature : room temperature 

• Rainfall was not applied. 

(2) Calculation of contrast retention percentage (%) 
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Contrast retention percentage (%) 
= (L* 3 -L* 4 ) x 100/ (L*i -L* 2 ) 



• L*i : contrast prior to light resistance test 

(in ultraviolet light non-irradiation) 

• L* 2 : contrast prior to light resistance test 

(in ultraviolet light irradiation) 

• L* 3 : contrast after light resistance test 

(in ultraviolet light non-irradiation) 
r«% . L* 4 : contrast after light resistance test 

:i5 (in ultraviolet light irradiation) 

(3) Evaluation 

f„ Contrast life was evaluated based on the 

I"; following criterion. 



O : contrast retention percentage after light 

resistance test is 70 % or above. 

A : contrast retention percentage after light 

resistance test is below 70 %. 

[Color development speed and color disappearance speed] 

Color development speed (ta) and color 
disappearance speed (tb) were measured as below. 
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T1. : transmittance in non-irradiation of 

ultraviolet light 
T2 : transmittance in irradiation of ultraviolet 

light 

ta : a time in which transmittance is changed from 
T1 to (T1+T2)/2 by irradiation of ultraviolet 
light 

tb : a time in which transmittance is changed from 
T2 to (T1+T2)/2 by shielding irradiated 
ultraviolet light 



K Both ta and tb were determined by a curve of 

change of transmittance in maximum absorption wave 
length with the lapse of time. 

Comparative Example 1 

The synthetic resin laminate was obtained in 
the same experiment as in Example 1 except that the 
urethane was changed to solvent type one-liquid, Hamatai 
Y-7122-A, manufactured by Yokohama Gomu k.k., in Japan. 
The proportion of each component was shown in Table 1 
and the evaluation results were shown in Table 2. 

Examples 5 to 1 2 
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1 % of Photochromic compound 3 to resin solid 
matter, 0,5 % of Photochromic compound 4 to resin solid 
matter were added to a solution of 15 g of a 
polyurethane precursor diluted with 13.6 g of an organic 
solvent (toluene 4.6 g, methylethyl ketone 1.8 g and 
ethyl acetate 7.2 g) in the same manner as in Example 1 
and each Additives 1 to 4 was further added thereto in 
the blend proportion shown in Table 3 and dissolved and 
1.6 g of the same curing agent as in Example 1 was added 
thereto and stirred. 

The solution thus obtained was coated with a 
doctor blade of coating thickness 300 [xm, manufactured 
by Yoshimitsu Seiki k.k., in Japan on a polycarbonate 
film of thickness 300 \xm (trade name : IUPILON, 
manufactured by Mitsubishi Gas Chemical Co., Inc.). 
After the completion of coating, the solvent was 
vaporized at 45 °C for 10 minutes in a hot air dryer. 
Another polycarbonate film of 300 Mm was adhered thereto 
to make a sheet form and heat curing was performed at 70 
°C for 3 days. The same evaluation as in Example 1 was 
performed for the synthetic resin laminate thus 
obtained. In the evaluation of light resistance, the 
evaluation was performed by changing the apparatus and 
further increasing ultraviolet light radiant intensity. 
The evaluation results were shown in Table 4. Further, 
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when the samples thus prepared were exposed to sun 
light, they presented brown and when they were put in a 
dark place, color disappearance occurred. 



Q 



Organic Photochromic compound 3 : 

4_ [4- [6- (4-morpholynyl) -3-pheny l-3H-naphtho 
[2, 1-b] pyran-3-yl] phenyl] -morpholine 

Organic Photochromic compound 4 : 

1 , 3-dihydro-1 ,3,3,5,6 (1,3,3,4,5) -pentamethy 1- 
spiro(2H-indole-2,3- [3H] ^naphtho [2 , b] [ 1 , 4] oxazine] 

Additive 1 : the same as in Example 1 

bis (2 , 2 , 6 , 6-tetramethyl-4-piperidinyl) sebacate 

Additive 2 : 

bis (1 , 2,2,6, 6-pentamethy 1-4 -piper idinyl) 

sebacate 



Additive 3 : 

bis ( 1 , 2 , 2 , 6 , 6 -pentamethy 1-4 -piper idinyl) 
sebacate 

+ 

1- (methyl) -8- (1 , 2 , 2 , 6 , 6-pentamethy 1-4- 
piperidinyl) -sebacate 
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Additive 4 : 

1,1, 3-tris (2-methyl-4-hydroxy-5-t-butylphenyl) 

butane 

The [measurement of transmittance] and 
measurement and evaluation of [color development speed 
and color disappearance speed] was performed in the same 
manner as in Example 1 . 

[Evaluation of light resistance] 

As the evaluation, a UV lamp was irradiated 
for 5 minutes prior to light resistance test and after 
light resistance test and then contrast due to color 
development and color difference were measured and 
contrast retention percentage and color change degree in 
color disappearance in the light resistance test were 
calculated. Thus, light resistance was evaluated. In the 
light resistance test, an apparatus with a xenon lamp as 
the light source (apparatus name : SUNTEST CPS+, maker : 
manufactured by ATLAS) was used and an irradiance of 750 
W/m 2 (300 to 800 nm) for 20 hours was applied. Further, 
the UV lamp had a single wave length of 360 nm in an 
ultramonochromatic light source (Nihon Bunko k.k., in 
Japan) . 
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® Calculation of contrast retention percentage 

It was calculated in the same method as in 

Example 1 . 
© Calculation of color change degree 
color change degree 

- [ (L*i -L* 3 ) 2 + (a*! -a* 3 ) 2 + (b* t -b* 3 ) 2 ] 1 /2 

! ;D ♦ a*i : a* value prior to light resistance test 

j ;3 (ultraviolet light non-irradiation) 

Q 

J;^ • a* 3 : a* value after light resistance test 

!- (ultraviolet light non-irradiation) 

• b*r : b* value prior to light resistance test 

i f ^ 

}n (ultraviolet light non-irradiation) 

• b* 3 : b* value after light resistance test 

(ultraviolet light non-irradiation) 

® Evaluation 

O : After light resistance test, contrast is 70 % 
or above and color change degree is below 5 %. 

A : After light resistance test, contrast is below 
70 % and color change degree is 5 % or above. 
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INDUSTRIAL APPLICABILITY 



In the formation of a polyurethane layer on a 
transparent synthetic resin surface, a polyurethane 
layer could be formed without impairing any photochromic 
performance by using specific two-liquid thermosetting 
poyurethane and mixing a polyurethane prepolymer, a 
curing agent and various additives including a 
photochromic compound in specific solvent and a 
transparent synthetic resin laminate with photochromism 
property to provide high availability could be produced 
efficiently by ensuring substantially non-solvent state 
thereof and then adhering another transparent synthetic 
resin and then performing heat cure. Further, a plastic 
lens with high photochromic performance and smooth 
photochromic layer could be obtained readily by using 
the laminate. 
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